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(54) Polymer electrolyte fuel cell 

(57) A gas diffusion layer conrprising an electrocon- 
ductive porous material and 16-55% by weight of fluor- 
oresin added thereto is used for at least one of the 
positive electrode and the negative electrode, whereby 
the water-retaining property of the inside of the men)- 
brane/electrodes asserrMy is imprcved without hinder- 
ing gas diffusion to enable the polymer electrolyte to be 
moistened with water formed at the positive electrode, 
and resultantiy a polymer electrolyte fuel cell which 
operates by unhunvdrfied gas is provided. 
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Description 

BACKGROUND OF THE INVEMTION 
5 1. ReW of the Invention 

[0001 ] The present invention relates to a polymer electrolyte fuel cell (hereinafter abbreviated as PEFC) which uses 
as the fuel such a reducir^ agent as pure hydrogen or modified hydrogen obtained from metfianol or Ibssil fuels and 
uses as the reaction gas such an oxidizing agent as air or oxygen. In more particular it relates to a PEFC which oper- 
10 ates by unhumkfified reaction gas. 

2. Description of Related Art 

[0002], A PEFC comprises a memt>rane/electrode assembly consteting essentially of a polymer electrolyte membrane 
75 and gas diffusion electrodes (hereinafter referred to as MEA), in which, as shown in Fig. 1 . reactior^ represented by the 
formulas (1) arKl (2) take place respectively at the positive electrode 4 and the negative electrode 5. 

1/202 + 2hr + 2e-^H20 (1) 

20 H2^2hr + 2e- (2) 

[OOOi] When the atxyve reactbns take place, the protons generated at the negative electrode move to the positive 
electrode via the polymer electrolyte membrane 1 . Since a polymer electrolyte does not show a high ionic conductivity 
unless it is in a suffidently moaned condition, generally the reaction gas needs to be always humidified by the use of 

25 a humidifier or the like in order to prevent the electrolyte from drying. On the other hand, the gas diffusion layer 2 of the 
electrode needs to have a high gas permeability in order tfmt a high cunent density can be- otstained. Therefore, to pre- 
vent the blockage of the gas diffusion path, excessive moisture must be discharged to the outside of the MEA. For 
example, JP-A-e-295728 uses as the gas cfffusion layer cartxxi paper formed essentially of cart>on fber made from 
polyacrylonitnle as the raw material and subjected to a water repellent treatment using fluororesin. In JP-A-7-1 34993, 

30 the diffusion layer of the fuel electrode is provided with a hydrophobtcrty gradient such tfiat thi^ fiydrophobidty is increas- 
ingly low toward the catalyst lay^ side 3 and the diffusbn layer of the positive electrode is provided with a hydrophobic- 
ity gracfient such that the hydrophobidty is increasingly high toward the catalyst layer seSerBy adopting the above- 
mentioned structure, the lowering of the moi^re content of the polymer electrolyte of the fuel electrode side is pre- 
vented and the so-called flooding, which is a phenomenon wherein the catalyst layer is wetted by water formed at the 

35 positive electrode skie and results in the blockage of the gas diffusion path. 

BRIEF SUMMARY OF THE INVENTION 

[0004] hiowever. when the previous PEFC which operates by humidified gas, which is so designed as to cfischarge 

40 excessive water to the outside of the MEA. is operated by using an unhunudified gas, the polymer electrolyte membrane 
and the polymer electrolyte contained in tfie catalyst layer become dry and the movement of protons terxls to take place 
with difficulty. Moreover, the polymer electrolyte in the catalyst layer urxiergoes contraction to decrease the area of the 
electrolyte covering the platinum catalyst, that is, the reaction area, resulting in the increase of the internal resistance 
of the PEFC; thus, a good characteristic property cannot be obtained. In the operation of a PEFC using unhunwiified 

45 gas. on the other hand, the f kxxiing caused by the water formed at the positive electrode hardly takes place unlike in 
the operation thereof using humidified gas. so that it is important to retain the water formed at the positive electrode 
inside the MEA without discharging the water to its outsida In a PEFC of the structure specified by JP-A-7-134993, 
also, when the cell is operated by using an unhumidified gas, the amount of water evaporated from the positive elec- 
trode is large and hence the internal resistance increases similarly. 

50 [0005] According to the present invention, the water-retaining property of the insMe of the MEA is improved without 
hindering gas diffusion, whereby the polymer electrolyte can be suff k^iently moistened by use of the water formed at the 
positive electrode and resultantiy the operation of a PEFC using an unhumidified gas becomes possbia Thus, the 
object of the present invention is to provide a PEFC which can be operated by use of an unhumidified gas. 
[0006] To attain the above-mentioned object according to the present invention, in a PEFC which operates by unhu- 

55 midffied air or oxygen and unhumidified hydrogen or reformed gas containing hydrogen, a gas diffusion layer compris- 
ing an electroconductive porous material and 1 6-55% by weig^ of fluororesin added thereto is used for at least one of 
the positive and the negative electrodes, wheretyy the water-retaining property of the inskie of the MEA can t>e improved 
without hindering gas diffusion arxl resultantiy the polymer electrolyte can be moistened with the water formed at the 
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positive electrode. 

[0007] According to Vtie present invention, an excellent water-retaining property of the inside of the MEA is attained 
without hindering gas cfiffusion and hence the potymer electrolyte can be sufficiently nnoistened with the water formed 
at the positive electrode, whereby a PEFC which can be operated by using an unhumicfified gas can be provided. 

5 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[0008] 

10 Fig. 1 is a schematic representation of a polymer electrolyte fuel cell. 

Fig. 2(a) s a d'lagrarn showing a process for preparing a gas (fiffusion layer using the impregnation method, and 

Fig. 2(b) is a diag-am shewing a process for preparing a gas diffusion layer using the dropwise addition method. 

Fig. 3 is a graph showing the relation between the FEP adcfition percentage (i e., percentage of FEP added) ard 

the pressure loss of the gas diffusion layer. 
75 Fig. 4 is a graph showing the relation t>6tween the FEP addition percentage and the porosity of the gas diffusion 

layer. 

Fig. 5 s a graph showing tfie pore size distrftMJtion of the gas diffusion layer at the respective FEP addition percent- 
ages. 

Fig. 6 is a graph showing the relation t>etweeri the percentage of FEP added to the gas diffusion layer and the volt- 
20 age of the cell at 0.2 AJorr^, 

Fig. 7 is a graph showing the relation between the percentage of FEP added to the gas diffusion layer and the 
resistance of the cell at 0.2 A/cm^. 

DETAILED DESCRIPTION OF THE INVENTTION 

[0009] The aspect of the present invention described in daim 1 relates to a polymer electrolyte fuel cell which com- 
pr^es a polymer electrolyte membrane and, annnged on the both sides thereof, a positive electrode and a negative 
electrode, the positive electrode and the negative electrode each comprising a catalyst layer and a gas diffusion layer, 
and is operated by feeding unhunrpdif ied air or oxygen to the positive electrode and feeding unhumidif ied hydrogen or 

30 refonned gas containing hydrogen to the negative electrode wherein the gas diffusion layer of at least one o^t^le posi- 
tive electrode and the negative electrode comprises an electroconductive porous material and 16-55% by^weight of 
f hjororesin added thereto* According to the aspect, the diffusion of gas is not hindered and the inside of the^StAEA can 
attain an excellent water-retaining property, so that a PEFC can t>e provided wherein the polymer electrolyte can be suf- 
ficiently mostened with the water formed at the positive electrode and which can be operatiBd k>y use of unHumtcfified 

35 gases. 

[001 0] When the percentage of the fluororesin added (sometimes referred to as lluororesin addition percentage*! is 
smalt the water repellency of the gas diffusion layer is low, so tfiat the water formed and condensed in the catalyst layer 
of the positive electrode is apt to pass through the gas diffusion layer and be decharged to tfte outside of the MEA with 
ease. Consequently, tiie MEA beconr^ dry and the nrx^^ture content of the polymer electrolyte becomes low, resulting 

40 in a high internal resistance and a low vottaga 

[001 1 ] On the other hand, when the (percentage of the fluororesin added is large, the water repellency of the gas dif- 
fusion layer is high and its porosity is low, so that the gas dffusion layer acts just like a cover for the MEA, and liquified 
water ^ apt to pass through the gas diffusion lay^ with diff iculty. Hwever, since the gas permeability t>ecomes low at 
the same time, the cfiffusion of the reaction gas beconnes rate-determining and resultantty the voltage t>ecornes low. 

45 [001 2] Thus, in a high perfonmance PEFC which operates by unhurrecfif ied gas, it is important to keep a good t>alarx;e 
t>etween the water repellency of the diffusion layer and the gas permeability of the layer. To enhance the water repel- 
lency of the gas diffusion layer without hindering gas diffusion and thereby to enhance the water-retaining property of 
the inside of the MEA. the addition of 16-55% by weight, nrxwe preferably 40-50% by weight, of fluorwesin to the layer 
is effective. 

50 [001 3] The fluororesin adcfition percentage of the gas diffusion layer is calculated by the fornula (3). 

55 

Up (wt%) : Fluororesin addition percentage of gas diffi^on layer 

Ws (kg) : - Weight of porous electroconductive material 

Wg^P (kg) : Weight of porous electroconductive material after water repelling treatment (porous electroconductive 
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material + f luaoresin) 

[0014] When the porosity of the gas diffusion layer subjected to water-repeDIng treatment Is 45-75% l>y volume, a 
good effect is obtained in enhar)cing the water repellency of the gas diffusion layer without hindering gas diffusion and 
5 thereto enhancing the water-retaining property of the inside of the MEA. and a high performance PEFC can t>e pro- 
vided. The porosity is more preferably 50-70% by >^luma 

[001 5] When the specific volume of pores having a diameter of 1 7-90 |im in the gas cfiffusion layer subjected to water- 
repelling treatment is 0.45-1.25 cc/q, a good effect s obtained in enhancing the water repeDency of the gas diffusion 
layer without hindering gas cfiffusion and thereby enhancing the water-retaining property of the inside of the MEA, and 
w a high performance PEFC can be provided. The specific volunrte of pores having a diameter of 17-90 (un is more pref- 
erably 0.55-0.80 cc/g. 

[001 6] When copolynter of tetraf luoroethylene with hexaf luoropropylene used as the fluororesin, a higher perform- 
ance PEFC can be provided. 

[0017] Further, when casbon paper comprising cartx)n fS>er made from polyacrylonitrile as the raw material is used 
IS as the electroconductive porous material, a higher performance PEFC can be provided. 

[0018] Fa at least one of the positive and the negative electrodes in the PEFC of the present invention, preferably an 
electrode is used which is prepared by the dropwise addition method comprising the step of d'^persing carbon powder 
supporting a noble metal catalyst in an organic solvent to obtain a liquid dispersioa the step of mixing the liquid cfisper- 
sion with an alcoholic solution of a polymer electrolyte to form a polymer electrolyte colloid and obtain at the same time 
20 a riquid mixture wherein the colfoid is adsobed to the carbon pcwder and the step of applying the liquid mixture on one 
side of the atx>ve-mentioned diffusion layer. 

[001 9] Another example of the dropwise adcBtion method comprtees the step of preparing a colloid dispersion by mix- 
ing an organic solvent and an alcoholic solution of a solid polymer electrolyte to produce colloid, the step of preparing 
a liquid mixture by mixing the coHoid dispersion and noble metal catalyst-supporting cartxHi powder to adsorb the cot- 
25 loid to the cartx)n powder and the step of applying the liquid mixture on one side of the atxive-nrtentioned cfiffusion layer. 
Among these dropwise addition methods, the former is preferat)lei 

[0020] Differerx^e in the method of preparing a gas diffusion electrode leads to difference in the ^ate of dispersion of 
the polymer electrolyte In the catalyst layer, which affects the characteristic property of the PEFC. In order further to 
enhance the effect of f luororesin addition percentage of the present invention, the above-mentioned dropwise addition 

30 method is preferred. Aocorcfing to the dropvi^se addition method, the polymer electrolyte s adsorbed to the platinum- 
supporting cartx>n powder thinly arxJ in ai tighly dispersed state, so that the network of the polymer electrolyte in the 
catalyst layer grows reticulately all over thGi^ayer. In the operation of a PEFC using an unhumidif led gas, such a state 
of the catalyst layer acts to return the generated water staying in the catalyst layer to the polymer electrolyte menri>rane 
with good efficiency; thus a PEFC with a higher performance can t>e provided. 

35 [0021] The presem invention nray also t)e a sub-conrt>ination of these des 

[0022] PEFCs obtained according to some emtxxfiments of the present Invention are described t>elow. 

Embodiment 1 

40 [0023] An MEA Is prepared as follows accorcGng to the method for preparing a gas diffusion electrcxJe shewn in Rg. 
2(a) (hereinafter referred to as the impregnation method). 

[0024] Caftx>n powder carrying a platinum catalyst is mixed with carbon fine powder which has been water repelling- 
treated by addition of polytetrafluproethylene (hereinafter abbreviated as PTFE). The resulting powder mixture for cat- 
alyst is scattered oh one side of cartx}n paper comprising cartX3n f foer made from polyacrylonitrile as the raw material 
45 to wfich 16-55% by weight of tetrafluoroethylene-hexafluoropropylene copolymer (hereir^er referred to as FEP) has 
been melt-bonded beforehand, arxi the resulting system is hot-pressed at 340-380''C and 5-20 kgf/cm^ to obtain a gas 
diffusion electrode. 

[0025] The addition of the polymer electrolyte to the gas diffusion electrode is conducted by using a method which 
comprises coating a solution mixture of isopropyl alcohol arvJ a Nation solution of a proportion of 0.05-1 .5g of the latter 
50 per 2 ml of the former on the electrode while sucking the electrode from the cartxxi paper side by means of a pump, 
followed by drying. 

[0026] A polymer electrolyte membrane Is held between two gas diffusion electrodes prepared ss descrfoed above 
and the resulting system is hot-pressed by using a hot press at 120-1 70*'C and 50 kgf/cnri^. The MEA obtained through 
the above-mentioned steps does not hinder gas cfiffusion and Is excellent In the water-retaining property of its inside. 
55 Thus, a PEFC can be provided In which the polymer electrolyte can be moistened with the water formed at the positive 
electrode and which can be operated by use of unhumidifled gases. 
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Embodiments 

[0027] An MEA is prepared as follows accorcfing to the method for preparing a gas diffusion electrode shown in Rg. 
2(b) (hereinafter referred to as the dropwise adcfition method). 

5 [0028] Rrst cartxm powder supporting a platinum catalyst is mixed with cartx)n fine powder which has been water 
repelltng-treated by addition of PTFE. The resulting powder mixture for catalyst Is mixed with n-buty! acetate to obtain 
a liquid dispersion of platinum catalyst. To the liquid dispersfon is added in cirops, with stirring by means of a magnetic 
stin'er. an alcoholic solution of a polymer electrolyte, and then the resulting mixture is made into the form of paste by 
use of an ulttasonic disperse r. The paste thus obtained is coated on one side of cartx>n paper comprising carbon fS>er 

70 made from potyacryfonitrile as the raw material to which 16-5S% by weight of FEP has been mett-tx>nded t>eforehand, 
and then dried to.obtain a gas diffusion electroda A polymer electrolyte membrane is held between two gas diffusion 
electrodes thus obtained arx) the whole is hot-pressed by using a hot press at 120-1 70°C and 50 kgf/cm^. 
[00^] The MEA obtained through the above-mentioned steps does not hirxier gas diffusion. Furthermore, since the 
polymer electrolyte is adsort>ed into the catalyst layer more thinly and in a more highly dspersed state than in the PEFC 

IS shown in Embodiment 1 . this PEA is nfx>re excellent in the water-retaining property of the inside of the MEA. Conse- 
quently, a PEFC can be provided in which the polymer electrolyte can be moistened with the water formed at the posi- 
tive electrode nrxxe efficiently and which can t>e operated t^y use of unhumidified gases. 

[0030] The present invention \s described in detail below with reference to Examples. The examples are not intended 
to limit the scope of the invention. - 

20 

Example 1 

[0031] By using FEP as the fluororesin, gas diffusion layers in which the FEP addition anK>unt s 8-60% by weight 
were prepared. 

25 [0032] E^ of the gas diffusion layers was prepared by irrvnersing a cartxxi paper (mfd. by Toray Industries, Ltd.), 
used as the carbon paper comprising cartx>n fber made from polyacryfonitnle as the raw material, in a FEP liquid cfis- 
persion obtained t>y diluting a FEP (ND-1 . a Trade name. mfd. by Daikin Industries. Ltd.) with deionized water and then 
baking the resulting paper to melt-tx>nd the FEP to the cartx>n paper. Gas diffusion layers A-F having a FEP addition 
anxuint ranging from 8 to 60% by weight as shewn in Table 1 were prepared by controlling the degree of cfilutibn of ND- 

30 1. yl, 

J* 

Table 1 





FEP addition amount 
(wl%) 


Gas diffusion layer A 


8 


B 


16 


C 


40 


D 


50 


E 


55 


F 


60 



45 

[0033] The gas diffusion layers A-F prepared atxive were detenmined for their pressure loss. Rg. 3 shows the relation 
between the FEP addition percentage and the pressure loss of the gas diffusion layer. The results obtained reveal that 
the pressire loss of the gas diffus'ion layer increases as the FEP addition percentage increases. 
50 [0034] Then the gas cfiffusion layers A-F were determined for their porosity and pore size distrftxition by the mercury 
intrusfon nrethod. 

[0035] Rg. 4 shows the relation between the FEP addition anwunt and the porosity of the gas diffusion layer. The 
results obtained show that the porosity decreases as the FEP addition percentage increases, revealing that the pores 
are fOled with FER 

55 [0036] Rg. 5 shows the pore size distrfoution of each of the gas dffusion layers A-F Each of the curves shmr a large 
peak in the diameter range of 17-90 |un. The peak area, and hence the specific pore volume, decreases with the 
increase of the FEP addition percerrtaga The results obtained atxTve reveal that in the carbon paper used, the pores 
are predominantiy in the range of diameter of .1 7-90 |un and tfie FEP is dstrfouted anv)ng arx) in the pores of these 
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diametefs. 

[0037] Table 2 summarizes with the gas diffusion layers A-F. the FEP addition percentages, the porosities and the 
specific volumes of pores having a diameter of 1 7-90 fun. 

^ Table 2 



Gas diffusion layer 


A 


B 


C 


D 


E 


F 


FEP adcfition. percentage (wt%) 


8 


16 


40 


50 


55 


60 


Porosity (vol %) 


80 


75 


70 


50 


45 


25 


Specific volume of pores having pore diameter of 1 7-90 (im 
(cG/g) 


1.38 


1.25 


0.80 


0.55 


0.45 


0.30 



15 Example 2 

[0038] PEFCs were prepared as follows by using the gas diffusion layers A-F prepared in Example 1 and according 
to the impregnation metfKXI shown in Rg. 2(a). 

[0039] Cartx}n powder supporting 10-30% t>y weight of platinum catalyst and cartx>n fine powder which fias been 
20 water repelGng-treated by addition of 25-70% by weight, of PTFE were mixed in a mixing ratio ranging from 8:2 to 5:5. 
Each of the resulting powder mixtures for catalyst layer was scattered on one side of the gas diffusion layer having the 
FEP adcfition percentage of 8-60% by weight obtained in Exarrple 1 , and the resulting system was hot-pressed at 340- 
380*C and 5-20 kgt/cn^. 

[0040] The addition of the F>olymer electrolyte to the electrode was conducted k>y a method which comprises coating 
25 a solution mixture of isopropyl alcohol and a "5% Nation solution" (a trade name, mfd. t>y AMrich Chemical Ca, Lid.. 
US/^ of a proportion of 0.0&-1 .5g of the latter per 2 ml of the former on the electrode while sucking the electrode from 
the cartx3n paper side by means of a pump, followed by drying. Then Nafion 1 12 (a polymer electrolyte membrane mfd. 
by Du Pont de Nemours, E.I., Co., USA) was held between two electrodes prepared as above and the resulting system 
was hot-pressed by using a hot press at 1 20-1 70''C and 50 kgf^cm^. The amourrts of platinum and polymer electrolyte 
30 added were respectively 0.5 mg/cm? and 1 .0 mg/cm^ per apparent electrode area for both of the electrodes. PEFCs 
were constructed by using the MEAs prepared atxsve arid designated as cells A-F 

ExamBl.e.3 

35 [0041 1 PEFCs were prepared as follows by using the gas diffusion layers A-F obtained in Example 1 and according 
to the dropwise adcfition method shewn in Rg. 2(b). 

[0042] Cartx}n powder supporting 10*30% by weight of platinum catalyst and cartx>n fine powder which has been 
water repelling-treated bf ^rtion of 25-70% by weight of PTFE were mixed in a mixing ratio ranging from 8:2 to 5:5. 
The resulting powder mixture for catalyst layer was mixed with r>-butyl acetate so as to give a weight ratio of platinum 

40 to n-butyl acetate of 1 to 1 20, to obtain a liquid cfispersion of the platinum catalyst To the liquid dispersion was added 
in drops, with stining by means of a magnetic stirrer, an alcoholic solution of a polymer electrolyte until the anx>unt ratio 
of platinum to polymer electrolyte reached 1:2, and the resulting nrtixture was made into the form of paste by using an 
ultrasonic disperser. The alcoholic solution of polymer electrolyte used ms "5% Nafion solution" (a trade name, mfd. 
by Aldrich Chemical Co., Ltd., USA). The paste obtained above was coated on one side of the gas diffusion layer having 

45 a FEP addition percentage of 8-60% by weight obtained in Example 1 arxJ then dried to obtain a gas diffusion electrode. 
A polymer electrolyte membrane, Nafion 112 (a trade name, mfd. fc>y Du Pont de Nemours, E.I., Ca, USA), was held 
between two electrodes obtained as descrS>ed above and the resulting system was hot-pressed by using a hot press 
at 120-170''C and 50 kgf/crrf . The anrounts of platinum and polymer electrolyte added were respectively 0.5 mg/cm^ 
and 1 .0 mg/cm^ per apparent electrode area for both of the electrodes. PEFCs were constructed by using the MEAs 

50 prepared above and designated as cells a-f. 

[0043] The cells A-F prepared by the innpregnation method in Example 2 and the cells a-f prepared by the dropwise 
addition method in Example 3 were each si^ected to cor^tant-current discharge at 0.2 A/cm? by feeding hydrogen gas 
to the negative electrode and air to the positive electrode both in the unhumidif ied state. 

[0044] Rg. 6 shows the relations between the percentage of FEP added to the gas cfiffusion layer and the voltages of 
55 cells A-F and cells a-f at a current value of 0.2 A/cm^. In the cells A-F prepared by the impregnation method in Example 
2, the voltage was 0.4 V or higher when the FEP addition percentage was 16-55% by weight a high voltage being 
exhbited particulariy at 40-50% by weight; when the FEP addition percentage was 8% by weight and 60% by weight, 
tfte ceil voltage was very Im, as low as 100 mV or lower. In tfie cells a-f prepared by the dropwise addition method in 
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Example 3. the voKage was 0.5 V or higher when the FEP acid*rtk>n percentage was 1&-5S% by weigtrt, a high voltage 
being exhSxted particutarty at 40-50% by weight; when the FEP addition percentage was 8% by weight and 60% by 
weight the cell voltage was very low, as low as 150 mV. In the cells prepared by both the impregnation mettiod and the 
drcpwise addition method, the cell voltage showed simOar behavior against the FEP addition percentage, but the celte 
5 prepared by the dropwise addition method showed 50-1 00 mV higher voltages at respective FEP addition percentages 
as compared with those by the impregnation method. 

[0045] Rg. 7 shows the relation between the percentage of FEP added to the gas cfiffusion layer and the internal 
resistance of the cell. In both of the cells prepared by the impregnation method and the dropwise addition method, the 
internal resistance of the cell decreased with the inaease of the FEP addition percentage. The deaease of the resist- 
10 ance was particularly large when the FEP addition percentage irK:reased from 8% by weight to 16% by weight The 
internal resistarv^e of tfie cells prepared by the impregnation method was higher than tfiat of the cells prepared t>y the 
dropwise addition method over the whole range of FEP addition percentage. 

[0046] Since the pressure loss increases when the FEP addition percerrtage iricreases as descrbed atxsve, it is con- 
sidered that v^n the adcfition percentage inaeases, the gas p^meability of the gas diffusion layer tends to lower, in 

IS other worcte the gas tends to cBffuse with diff icutty. The inaease of the pressure loss is conceivably due to the deaease 
of porosity, that is, due to f niing of FEP in the pores of the gas diffusion layer. Furthermore, since tfie pores of the gas 
diffusion layer are predominantly of a diameter of 17-90 ^m and the specific volume of the pores having a diameter of 
1 7-90 ^m is observed to decrease when the FEP addition percentage inaeases. it is considered that gases are sup- 
plied through the pores of the above-mentioned diameters and FEP is filled in the pores of said diameters. 

20 [0047] In the gas diffusion layer having a FEP addition percentage of 8% by weight the water repellency is lew due 
to the low FEP addition percentage, so that the water formed and condensed in the catalyst layer of the positive elec- 
trode passes through the gas diffusion layer and is discharged to the outside of the MEAvvitt^ It is considered that 
consequentiy the MEA becomes dry arxJ the moi^re content of the polymer electrolyte deaeases to lower the ionic 
conductivity and inaease the internal resistance of the PEFC. This irK:rease of the internal resistance is considered as 

25 the cause of the lowering of voltage. - 

[0048] On the other hand, the gas diffusion layer having a FEP addition percentage of 60% by weight has a high water 
repellency and low porosity, so that the layer acts just like a cover for the MEA and the Fiquified water passes tfirough 
the gas diffusion layer only with difficulty. Thus, the water formed in the catalyst layer of the positive electrode and con- 
densed is difficulty discharged to the outside of the MEA. It considered that, consequently the water can be supplied 

30 via the polymer electrolyte in the positive electrode catalyst layer to the polymer electrolyte membrane and the polymer 
electrolyte in the fuel electrode catalyst layer and thus the MEA has a high water-retaining ability. It is considered that 
since the moisture content of the polymer electrolyte inaeases resultantly arxi the ionic conductivity inaeases. the 
internal resistance of the PEFC decreased when the FEP addition percentage was high. However, since the gas per- 
meat>nity is too low when the percentage of FEP is high, the voltage lowered owing to rate-determining by the diffusion 

35 of reaction gas. 

[0049] It is therefore considered that in the cells using a gas cfiffusion layer having a FEP addition percentage of 16- 
55% by weight high voltages were exhibited t>ecause the suqaply of the reaction gas and humidification by the water 
formed were sufficient. 

[0050] Difference in the characteristic properties of gas diffusion electrodes obtained bf different methods of prepa- 

40 ration ^ conceivabty attributed to the state of dispersion of the polyn>er electrolyte in the catalyst layer thereof. In the 
cells prepared by the dropwise addition method, as compared with cells prepared by the impregnation method, the pol- 
ymer electrolyte is adsorbed to the platinunf>-supporting cartx>n powder more thinly and in a more highly dispersed 
state, so that the network of polymer electrolyte of the catalyst layer is well devek)ped. It is considered tfiat in the oper- 
ation of PEFC by unhumidified gas. such a state of the ca^tyst layer serves for returning the generated water staying 

45 In the catalyst layer to the polymer electrolyte mentxane with good efficiency. 

[0051 ] From the foregoing, a good balance t^etween the water repellency of the diffusion layer and the gas permea- 
bility thereof is important for preparing a high performance PEFC which operates by unhumidified gas. Enhartdng the 
water repellency of the gas diffusion layer without hindering gas cfiffusion and enhancing the water-retaining property 
of the inside of the MEA are effectively attained wh«i the FEP acicfition percentage is 16-55% by weight or when the 

50 porosity of the gas diffusion layer subjected to water repelling treatment is 45-75% t>y vdunDe or when ttie spectftc vol- 
ume of pores having a diameter of 17-90 ^m of the gas diffusfon layer subjected to water repelling treatment is 0.45- 
1 .25 cc/g; the effect is particularty marked when ttie FEP addition percentage is 40-50% by weight, or when the porosity 
of ttie gas cfiffusion layer subjected to water repelling treatment is 50-70% by volume a when the specific volume of 
pores having a cfiameter of 1 7-90 ^m in the gas cfiffusion layer subjected to water repelling treatment is 0.5&0.80 cc/q. 

55 When aciditionally the gas diffusion electrode is prepared by the dropwise addition mettiod, a PEFC can be provided 
wherein the polymer electrolyte in the cataly^ layer is acisorbed thinly and in a highly cfispersed state and which exhibits 
more enhanced performance in the operation by unhumidified gas. 

[0052] Though FEP was used as the fluororesin in the present Examples, simitar effects may also t>e obtained by 
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using other fluororesins having water repeflency. e.g., potytetrafluoroeth/lene, tetraftuoroethylene-perfluoroalkyi vinyl 
ether copolymer and tetrafluoroethyleneethylene copolymer. 

[0053] Though gas diffusion electrodes were prepared in the present Exanples by preparing a paste comprising a 
platinum catalyst polymer electrolyte arxj organic solvent and coating the paste on a cartxm paper subjected to water 
5 repelling treatment followed t>y drying, the present invention can be applied to the whole of the gas diffusion electrodes 
which comprise at least a noblemetal catalyst and a polymer electrolyte i^espective of the method of preparation of the 
electrodes. 

[0054] In the present Examples. cartx>n paper conprising cartxxi fber made from polyacrylonitnle as the raw material 
was used as the electroconductive porous material, but the present invention can be applied to porous conductive 
10 materials in general. e.g.. cartx)n doth arvi cartxxi paper of cellulosic origin. 

[0055] In the present Examples, perf luorocartx>nsuHbnic acid resin was used as the polymer electrolyte, the present 
invention can be applied to such cation exchange resins in general as perf luorocaitx>ncartxxxySc add resin, styrene- 
divinytbenzenesutfonic add resin arid styrene-butadienesuHbnic add resin. 

[0056] As set forth above, according to the present invention, the water-retaining property of the inside of the MEA is 
IS improved without hindering gas diffusion and the polymer electrolyte ts mdstened by the water formed at the positive 
electrode, whereby an electrode for PEFC and a PEFC which are suited to operation by unhumidified gas can be 
obtained. 

Claims 

20 

1 . A polymer electrolyte fuel cell which oompr^es a polymer electrdyte membrane and. arranged on the both sides 
thereof, a positive electrode arvl a negative electrode each comprising a catalyst layer and a gas diffusion layer and 
is operated by feeding unhumidified air or oxygen to the positive electrode and feeding unhunvcfif ied hydrogen or 
reformed gas containing hydrogen to the negative electrode wherein the gas diffusion layer of at least one of the 

25 positive electrode and the negative electrode comprises an electrocorKluctive porous material and 16-58% by 
weight of fluororesin added thereto. 

2. The polymer electrdyte fuel cell aocoiding to daim 1 wherein the gas diffusion layer fias a porosity of 45-75%. 

30 3. The polymer electrolyte fuel cell according to daim 1 or 2 wherein the ga& diffusion layer has a specific volume of 
pores having a diameter of 1 7-90 ^m of 0.45-1 .25 cnrf /g. '^y . 

4. The polymer electrolyte fuel ceil according to any proceeding daim wherein the fluororesin )s copolymer of 
tetrafluoroethylene and hexafluoropropylena 

35 

5. The pbjynrier electrolyte fuel cell according to any preceecfing daim wherein the electroconductive porous material 
is cartxxi paper corrprising cartx}n fS>er made from polyacrylonitrila 

6. The polymer electrolyte fuel cell according to any proceeding daim wherein at least one of the positive electrode 
40 arxJ the negative electrode is an electrode prepared by a process comprising the steps of dispersing cartx)n pow- 
der supporting a noble metal catalyst in an organic solvent to obtain a liquid dispersion, ntixir^ the liquid dispersion 
with an aloohdic solution of a pdymer electrolyte to form a polymer electrolyte colidd and at the same time obtain 
a liquid nixture wherein the cdidd has been adsort>ed to the cartx>n powder, arxi applying the liquid mixture on 
one side of the above-mentioned gas diffusion layer. 

45 



50 
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FIG.1 
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FIG.2 



(a) 



(b) 
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FIG.3 
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